Introduction: This study aimed to assess the association between airflow limitation (AL) severity and reduced bone mineral density (BMD) in Japanese men. Subjects and methods: This cross-sectional study included 290 subjects aged over 40 years (mean age 72.0, SD 11.6), who underwent a comprehensive health examination, including spirometry and measurement of BMD at the left femoral neck using dual-energy X-ray absorptiometry (DXA), between 2016 and 2017 at Japanese Red Cross Kumamoto Health Care Center. AL was defined as forced expiratory volume in one second (FEV 1 )/forced vital capacity (FVC) of <0.7. Reversibility tests were not performed in this study. The criteria used for the AL staging were developed according to the Global Initiative for Chronic Obstructive Pulmonary Disease (GOLD) guidelines. The subjects were divided into the following three groups: a control group (normal pulmonary function), GOLD Stage I group (mild AL), and GOLD Stage II-IV group (moderate-to-very severe AL). BMD was classified based on the young adult mean (YAM) as normal (88.6% ≦ YAM [−1 SD ≦]), osteopenia (70% <YAM <88.6% [<-1 SD and > −2.5 SD]), or osteoporosis (YAM ≦ 70% [≦ −2.5 SD]). Reduced BMD was defined as osteopenia, osteoporosis, or medication used for osteoporosis. Logistic regression analysis was used to assess the association between AL severity and the reduced BMD. Results: The prevalence of reduced BMD in subjects with moderate-to-severe AL (76.2%) was significantly higher than in those without AL (47.9%) (p=0.030). In logistic regression models adjusted for age, body mass index, pack-years, physical activity, and alcohol drinking, the risk of reduced BMD (odds ratio: 3.87; 95% confidence interval: 1.20-12.49; p=0.024) was significantly higher in subjects with moderate-to-severe AL than in those with normal pulmonary function. Conclusion: Present results suggest that reduced BMD is associated with AL severity in Japanese men.
Introduction
Chronic obstructive pulmonary disease (COPD) is a common, preventable, and treatable disease that is characterized by persistent respiratory symptoms and restricted airflow due to airway and/or alveolar abnormalities. 1 , 2 The primary cause of COPD is tobacco exposure through active smoking or second-hand smoke. Other risk factors include exposure to indoor and outdoor air pollution, occupational dust, and fumes. 3 The World Health Organization reported that COPD is the third leading cause of death globally, causing three million deaths in 2016. 4 The incidence of COPD is likely to increase in the coming years due to an increase in smoking habits and an aging population in many countries. 3 COPD is a major cause of chronic morbidity and mortality throughout the world; many people suffer from this disease for years and die prematurely from the disease or its complications. COPD is regarded as a systemic disease because it can cause systemic effects and induce comorbidities. 5 COPD often coexists with other diseases (comorbidities) that may have a significant impact on prognosis. 2 The comorbidities include nutritional disorders, skeletal muscle dysfunction, cardiovascular disease, osteoporosis, anxiety/depression, metabolic syndrome/diabetes, gastroesophageal reflux disease (GERD), sleep apnea syndrome (SAS) and lung cancer. 2, 5 The major systemic consequences/comorbidities are deconditioning, exercise intolerance, skeletal muscle dysfunction, cardiovascular disease, osteoporosis, metabolic impact, anxiety/depression, diabetes, and hypertension. 6, 7 These comorbidities are associated with hospitalization, burden on the healthcare system and mortality in patients. 1, 2, 6, [8] [9] [10] Therefore, effective treatment for comorbidities plays a central role in COPD management. 11 Osteoporosis, which is often under-diagnosed, is a major and common comorbidity in COPD. 1 It is associated with poor health and prognosis if left untreated. 1, 2, 12, 13 Osteoporosis is common in COPD and should be a major concern in the diagnostic and therapeutic approach to COPD patients, who may benefit from osteoporosis assessment and therapy. 13 Osteoporosis is a silent disease, unless complicated by fractures. Patients with osteoporosis are at an increased risk of fracture, particularly fragility fractures. 14 Recent studies have demonstrated that COPD is related to low bone mineral density (BMD) and increased fractures of the vertebra and hip. [15] [16] [17] [18] [19] [20] In addition, patients with COPD have a higher risk of death following a hip fracture. 21, 22 Furthermore, several previous studies have shown that reduced respiratory function is related to low BMD and increased fracture risk. [23] [24] [25] In Japan, osteoporosis is present in up to 35% of the COPD patients, but most of these patients are not evaluated or treated for osteoporosis. 5 There are few studies examining the association between BMD and the severity of airflow limitation (AL) in Japan. Therefore, the aim of present study was to assess the association between AL and BMD of the femoral neck among Japanese men. Figure 1 shows the criteria for selecting the subjects with either AL or a normal pulmonary function. A total of 27,234 Japanese men visited the Japanese Red Cross Kumamoto Health Care Center for medical health checkups between April 2016 and September 2017. Of these, 395 patients underwent a health screening examination that included spirometry, as previously described, [26] [27] [28] [29] [30] [31] and an optional one-time measurement of BMD.
Subjects and methods

Subject selection
The screening examination included questionnaires, a physical examination, and blood sampling. The questionnaires were conducted by a trained public health nurse to obtain data on medical history, including the use of medications, and smoking habits. 30 The never smokers consisted of those who denied any past or current smoking. The former smokers were those who reported smoking cessation prior to the examination. The current smokers were those who reported smoking at least one cigarette a day. The number of cigarette pack-years was calculated by multiplying the number of years of smoking by the average number of cigarettes smoked per day and dividing it by 20. All the participants were evaluated by a physician. The subjects under 40 years old (n=6) were excluded. The subjects with forced expiratory volume in one second/ forced vital capacity (FEV 1 /FVC) ≧ 70% and % FEV 1 <80% predicted (n=31) were excluded from this study. The subjects with self-reported asthma (n=20), tuberculosis (n=12), other respiratory diseases (n=10), and thyroid disease (n=26) were also excluded. In this study, none of the subjects were diagnosed with COPD with acute exacerbation or lung cancer or were under corticosteroid medication. Data from a total of 290 subjects (mean age 72.0, SD 11.6) were included in the final analyses ( Figure 1 , Table 1 ). Subjects who gave written informed consent were included in this study. This study was conducted in accordance with the Declaration of 
Pulmonary function tests
Spirometry was performed using an electronic spirometer (DISCOM-21 FX: CHEST MI, Tokyo, Japan), as previously described. [26] [27] [28] [29] [30] [31] The use of equipment and quality criteria were compliant with international recommendations. 32 Pulmonary function tests were performed in accordance with the American Thoracic Society and European Respiratory Society guidelines. 32 Reversibility tests were not performed in this study, and the classifications were based on the pre-bronchodilator levels. AL was defined as FEV 1 /FVC ratio of <70%, according to the Global Initiative for Chronic Obstructive Pulmonary Disease (GOLD) guidelines. 1 Predicted values were calculated by the equation published by the Japanese Respiratory Society (JRS). 33 Predicted values of FEV 1 (mL) for men=0.036× Height (cm) -0.028× Age -1.178. The criteria used for AL staging were also developed according to the GOLD guidelines, as follows: Stage I (mild AL): FEV 1 /FVC <70% and %FEV 1 ≧ 80%; Stage II (moderate AL): FEV 1 /FVC <70% and 50% ≦ %FEV 1 <80%; Stage III (severe AL): FEV 1 /FVC <70% and 30% ≦ % FEV 1 <50%; and Stage IV (very severe AL): FEV 1 /FVC <70% and %FEV 1 <30%.
The subjects were divided into the following three groups as previously described: 28, 30 a control group (normal pulmonary function), GOLD Stage I group (mild AL), and GOLD Stage II-IV group (moderate-to-very severe AL). The subjects with a normal pulmonary function were defined as having FEV 1 /FVC ≧ 70% and FEV 1 ≧ 80% of predicted values.
Bone mineral density
Dual-energy X-ray absorptiometry (DXA) (Discovery Ci: Hologic Inc., USA) was used to measure the left femoral neck BMD (except in subjects with left hip prosthesis or hip fracture). Diagnosis of osteopenia and osteoporosis were conducted according to the WHO criteria. 34 Based on the young adult mean (YAM), the following criteria were used: normal: 88.6% ≦ YAM (−1 SD ≦), osteopenia: 70% < YAM <88.6% (< −1 SD and > −2.5 SD), and osteoporosis: YAM ≦ 70% (≦ −2.5 SD). Reduced BMD was defined as osteopenia, osteoporosis, or medication used for osteoporosis.
Physical examination and blood measurements
Patients were at rest before fasting blood samples were obtained to measure serum levels of routine medical checkups markers, including fasting glucose, triglycerides, highdensity lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), white blood cell count, and high sensitivity C-creative protein (hsCRP). Subjects' abdominal circumferences were measured at the end of exhalation in a standing position. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured by trained nurses using an automatic digital sphygmomanometer (HEM-904; OMRON, Kyoto, Japan) placed on the upper arm at the height of the heart with the patient in a sitting position after 5 min of rest. The average of two measurements was used for analysis. Body mass index (BMI) was calculated as weight (kg) divided by the square of the height (m 2 ). Physical activity was divided into two categories; "regular physical activity" was defined as physical activity performed regularly at least once per week throughout the year, and "physical inactivity" was defined as engaging in irregular physical activity or engaging in no form of physical activity at all. Subjects were classified based on alcohol intake as "non-drinkers," "consuming alcohol for 1-6 days per week," and "daily drinkers."
Statistical analyses
Data were presented as number of cases, mean ± standard deviation (SD), or median with interquartile range. The normality of distribution was assessed by Shapiro-Wilk test. One-way analysis of variance and Kruskal-Wallis test were used to assess the difference in characteristics among normal pulmonary function, mild AL, and moderate-to-very severe AL. A multivariate logistic regression model adjusted for age, BMI, pack-years, physical activity, and alcohol drinking was used to assess the association between AL and reduced BMD according to pulmonary function. p<0.05 was considered significant. All statistical analyses were conducted using IBM SPSS Statistics 22.0 software. There were no missing data in the present study. Table 1 shows the baseline characteristics of the study subjects based on their pulmonary function status. Two hundred and ninety subjects were included in the final analysis. Among the 290 subjects, 217 (74.8%) had normal pulmonary function, 52 (17.9%) had mild AL, and 21 (7.2%) had moderate-to-severe AL according to the GOLD stages ( Figure 1 ). Among 21 subjects with moderate-to-severe AL, most of the subjects were moderate (n=20, 95.2%) compared to severe (n=1, 4.8%). No subject with very severe AL was identified in the present study. Significant differences in the pulmonary function status were found in relation to age, pack-years, and hsCRP. Age and pack-years were higher in subjects with mild and moderate-to-severe AL than in those with normal pulmonary function. Mean hsCRP was higher in subjects with moderate-to-severe AL than in those with normal pulmonary function. There was no difference in the mean white blood cell count among the three groups. Table 2 shows the prevalence of reduced BMD in subjects with normal pulmonary function, mild AL, and moderateto-severe AL. In subjects with normal pulmonary function, mild AL, and moderate-to-severe AL, the prevalence of reduced BMD was 47.9% (n=104), 57.7% (n=30), and 76.2% (n=16), respectively. In the present study, the prevalence of osteopenia in subjects with normal pulmonary function, mild AL, and moderate-to-severe AL was 39.6% (n=86), 44.2% (n=23) and 71.4% (n=15), respectively. The prevalence of osteoporosis in subjects with normal pulmonary function, mild AL, and moderate-to-severe AL was 3.7% (n=8), 1.4% (n=1), and 0% (n=0), respectively. Furthermore, the prevalence of medication used for osteoporosis in subjects with normal pulmonary function, mild AL, and moderate-to-severe AL was 4.6% (n=10), 11.5% (n=6) and 4.8% (n=1), respectively.
Results
Study population characteristics
Prevalence of reduced bone mineral density
Odds ratio for the prevalence of reduced bone mineral density Table 3 shows the association between AL and reduced BMD according to pulmonary function. Using the logistic regression models adjusted for age, BMI, pack-years, physical activity, and alcohol drinking, the risk of reduced BMD [odds ratio: 3.87; 95% confidence interval: 1.20-12.49] was significantly higher in subjects with moderateto-severe AL than in those with normal pulmonary function. 
Discussion
There are few studies describing a link between the severity of AL and reduced BMD, especially among subjects undergoing medical health checkups. This study demonstrates that moderate-to-severe AL, independent of age, BMI, pack-years, physical activity, and alcohol drinking, is associated with reduced BMD in subjects who undergo a health screening examination. Several studies have demonstrated an association among pulmonary function, COPD, BMD, and fracture risk in men. Sin et al used DXA to measure BMD of the hip and demonstrated that subjects with airflow obstruction had osteoporosis and the risk of osteoporosis increased in a linear fashion to the severity of airflow obstruction. 35 Our findings were consistent with the above results. Furthermore, according to a recent study by Herland et al, involving a large sample of community-dwelling, elderly men, AL was associated with reduced BMD of the hip. 36 Femoral neck fractures often occur in the elderly population. 37 BMD of the femoral neck, not total hip, was measured using DXA in present study. Therefore, screening for osteoporosis using femoral BMD as an indicator would be useful to prevent hip fracture, which is associated with an increased mortality risk in elderly patients. 38, 39 In our study, the association between AL and reduced BMD seemed to be independent of smoking. Although the association between AL severity and reduced BMD is independent of major known determinants such as age, BMI, pack-years, physical activity, smoking, and alcohol consumption, we could not exclude residual confounders or other unknown factors. Watanabe et al showed a high prevalence of osteoporosis in male Japanese COPD patients and reduced BMD at the lumbar spine (L1-4), femoral neck, and total hip in patients with decreased pulmonary function (GOLD 3-4). 25 In a similar study by Kjensli et al, BMD of lumbar L2-L4, femoral neck, and total body skeleton decreased with increasing severity of COPD in patients who had not been treated for osteoporosis. 40 In these studies, however, participants who had been diagnosed with COPD were evaluated. In contrast with our results, Dennison et al, did not find an association between lung function (FEV 1 , FVC, FEV 1 / FVC) and bone mass after adjustment for body size and other confounders; nevertheless, a weak association was observed between total hip BMD and FEV 1 /FVC ratio in men. 41 In previous reports, which have shown an association between pulmonary function, COPD, and BMD or fractures. Nuti et al reported a strong association between COPD severity and thoracic fractures on lateral radiographs of men with COPD. 19 Additionally, a previous study in a large cohort demonstrated that COPD was associated with low BMD and vertebral fracture. 42 In the present study, BMD of the vertebra was not evaluated; thus fracture risk and reduced BMD of the vertebra were not elucidated. Moreover, presence of fragility fracture was not observed in all subjects.
The detailed mechanisms responsible for reduced BMD in patients with COPD is not clear. However, systemic inflammation represented by elevated CRP is linked to osteoporosis in the general population. 43 As seen in Table 1 , mean hsCRP was significantly higher in subjects with moderate-severe AL than in those with normal pulmonary function. This is consistent with the notion that inflammation plays a role in COPD-associated osteoporosis, and COPD patients with lower BMD have been shown to exhibit higher levels of CRP. 44 However, despite these observations, the precise role of systemic inflammation in COPD-associated osteoporosis and its contribution to fracture risk remain to be determined.
This study provides an estimate of the prevalence of AL and reduced BMD among subjects undergoing medical checkups. The prevalence of COPD/emphysema among subjects with AL was only 6.8% (1.9% among subjects with mild AL and 19.0% among subjects with of the moderate-to-severe AL; data not shown). The remaining had not been diagnosed with any respiratory diseases, suggesting a high degree of underdiagnoses of COPD. BMD can improve the prognosis and reduce the disease burden of COPD on the society. There are several limitations associated with the present study. First, we were unable to employ reversibility testing because of the absence of high suspicion of disease. Therefore, the subjects with AL could have included those with post-bronchodilator FEV 1 /FVC ratio greater than 70%. Similar to some of previous studies, 28, 30 subjects who were diagnosed with asthma or other respiratory diseases were excluded from this study. These excluded individuals could have had COPD or asthma; thus, we expressed "AL" instead of COPD. As the number of women with AL is low, only men were evaluated in this study, and we were unable to determine the gender-differences in BMD; further research is needed to better understand the gender-difference with regard to this condition. Moreover, limitation of the study is the modest size of the study population. The relatively small sample size for the group of AL meant that comparisons against normal pulmonary function had less statistical power. Recruiting men with severe or very severe AL who underwent medical health checkups and met the study entry criteria proved challenging despite screening large numbers of subjects. Further studies are needed in a large sample that includes subjects with a wider severity range of AL. In addition, serum vitamin D levels were not examined. A previous report suggests that Vitamin D deficiency occurs frequently in COPD and correlates with the severity of the condition. 45 Furthermore, vitamin D deficiency increases the risk of osteoporosis and osteoporotic fractures. 46, 47 Therefore, the relationship between the serum vitamin D levels, AL and reduced BMD are not clear in the present study. More studies are needed to confirm the association between serum vitamin D levels, AL severity, and BMD.
Early diagnosis and intervention for COPD and reduced
Because of the cross-sectional design of this study, we could not rule out possibility of reverse causation. Therefore, large-scale prospective studies are needed to further confirm these findings. Despite these limitations, to the best of our knowledge, this is the first study to reveal a relationship between AL severity and BMD in Japanese men.
Conclusion
In conclusion, a significant relationship was found between AL severity and reduced BMD in Japanese men. Efforts aimed at the earlier detection of AL and identification of reduced BMD may be integral for the reduction of the burden of COPD on the society.
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